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FOREWORD 


This  report  was  prepared  for  the  Department  of  the  Air  Force, 
Ballistic  Missile  Office  (BMO) ,  in  compliance  with  Contract  No. 
F04704-80-C-0006,  CDRL  Item  004A2.  It  contains  an  evaluation  of 
the  suitability  of  Raison  Valley,  Nevada,  for  siting  the  MX  Land 
Mobile  Advanced  ICBM  system  and  presents  the  geological,  geo¬ 
physical,  and  soils  engineering  data  upon  which  the  evaluation 
is  based. 


This  report  is  included  as  one  of  several  being  prepared  to  des¬ 
cribe  Verification  studies  in  the  Nevada-Utah  region  even  though 
these  data  were  gathered  during  an  earlier  phase  of  investiga¬ 
tion  called  Characterization  and  does  not  include  all  facets  of 
a  Verification  study.  Reports  on  the  Characterization  studies 
contained  only  brief  summaries  of  results,  so  it  was  decided  to 
publish  details  of  the  investigations  and  results,  in  the  style 
of  Verification  reports,  for  the  two  Characterization  studies  in 
the  Nevada-Utah  region. 

The  Verification  studies,  which  were  stated  in  1979,  are  the 
final  phase  of  a  site-selection  process  which  was  begun  in  1977. 
The  Verification  objectives  are  to  define  sufficient  suitable 
area  for  deployment  of  the  MX  system  and  to  provide  preliminary 
soils  engineering  data.  Previous  phases  of  the  site  selection 
process  were  Screening,  Characterization,  and  Ranking.  In 
preparing  this  report,  it  has  been  assumed  that  the  reader  will 
be  familiar  with  the  previous  studies. 

Volume  I  of  this  report  is  a  synthesis  of  the  data  obtained 
during  the  study.  It  contains  discussions  relative  to  the 
horizontal  and  vertical  shelter  basing  modes.  Volume  II  is  a 
detailed  compilation  of  the  data  which  may  be  used  for  independ¬ 
ent  interpretations  or  analyses. 
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1.0  INTRODUCTION 

1.1  PURPOSE  AND  BACKGROUND 

This  report  presents  the  results  of  geotechnical  studies  which 
were  conducted  in  the  southern  half  of  Ralston  Valley,  Nevada, 
during  the  summer  of  1977.  The  work  was  done  as  part  of  Fugro 
National's  Characterization  Studies,  which  were  summarized  in 
report  FN-TR-26e.  This  more  detailed  report  follows  the  format 
of  reports  covering  Fugro  National's  Verification  Program,  even 
though  the  Characterization  field  investigation  did  not  include 
all  the  elements  of  a  Verification  investigation.  The  report 
contains  two  volumes.  This  volume  is  a  synthesis  of  the  data. 
Volume  II  is  a  compilation  of  the  data  from  each  activity. 

This  work  is  a  phase  of  a  site  selection  process  which  started 
in  1977.  The  objective  of  the  site  selection  process  is  to 
identify  and  rank  geotechnically  suitable  areas  which  are 
sufficiently  large  for  deployment  of  the  Missile-X  (MX),  an 
advanced  intercontinental  ballistic  missile  system.  The  phases 
are  called  Screening,  Characterization,  Ranking,  and  Veri¬ 
fication.  Screening  employed  existing  information  from  litera¬ 
ture  to  identify  areas  which  appeared  to  be  suitable  for  deploy¬ 
ment  of  MX.  Both  Characterization  and  Verification  programs 
use  field  studies.  Characterization  studies  emphasized  collec¬ 
tion  of  information  to  characterize  geologic  units  with  re¬ 
spect  to  construction  of  the  MX  basing  options.  Verification 
studies  also  obtain  information  on  construction  properties  of 
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the  geological  units,  but  special  emphasis  is  given  to  drawing 
more  reliable  useable  area  boundaries  than  those  drawn  during 
the  Screening  studies.  Table  1-1  summarizes  the  investigative 
techniques  being  employed  during  Verification  studies  and  points 
out  those  which  were  not  used  in  Ralston  Valley.  Another  dif¬ 
ference  between  the  two  programs  is  that,  for  Verification,  more 
of  the  investigations  were  done  near  the  valley  margins  than  in 
the  Characterization  studies. 


The  site  selection  schedule  is  shown  in  the  following  diagram, 
which  also  identifies  the  Fugro  National  technical  report  for 
each  element  in  the  process.  As  shown,  the  Verification  Program 


is  continuing  in  1980.  The  valleys  for  which  reports  have  been 
issued  on  the  verification  studies  are  shown  in  Figure  1-1. 
This  report  is  included  because  the  detail  of  content  is  at  the 
same  level  as  for  Verification  reports,  even  though  the  emphasis 
of  the  field  investigation  was  different. 
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1.2  VERIFICATION  OBJECTIVES 

The  Verification  studies  have  two  major  objectives: 

1.  Verify  and  refine  suitable  area  boundaries  for  horizon¬ 
tal  and  vertical  shelter  basing  modes. 

2.  Provide  preliminary  physical  and  engineering  character¬ 
istics  of  the  soils. 

The  data  in  this  report  are  more  pertinent  to  objective  2  than 
objective  1. 

1.3  SCOPE  OF  STUDY 

The  field  work  in  Ralston  Valley  was  done  in  August  1977.  Table 
1-2  lists  the  types  and  number  of  field  activities  that  were 
performed  in  Ralston  Valley.  The  techniques  of  investigation 
are  discussed  in  the  appendix. 

Access  was  arranged  through  the  Tonopah  Resource  Area  Office  of 
the  Battle  Mountain,  Nevada,  district  office  of  the  Bureau  of 
Land  Management  (BLM) .  At  BLM's  request,  all  field  activities 
were  performed  along  existing  roads  or  trails  to  minimize  site 
disturbance.  Archeological  and  environmental  surveys  were 
performed  at  each  proposed  activity  location.  Activity  loca¬ 
tions  were  changed  in  those  few  instances  where  a  potential 
environmental  or  archeological  disturbance  was  identified. 

1.4  DISCUSSION  OF  ANALYSIS  TECHNIQUES 
1.4.1  Determination  of  Suitable  Area 

The  number  of  field  activities  performed  during  these  investiga¬ 
tions  is  small  relative  to  the  area  being  studied.  The  reader 
should  be  aware  of  the  limitations  of  the  investigations  and 
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TYPE  OF  ACTIVITY 
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Geologic  mapping  stations' 

50 

Shallow  refraction 
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Deep  Refraction 

2 

ENGINEERING-LABORATORY  TESTS 


TYPE  OF  TEST 

NUMBER  OF 
TESTS 

Moisture/density 

120 

Specific  gravity 

16 

Sieve  analysis 

142 

Hydrometer 

63 

Atterberg  limits 

31 

Consolidation 
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Unconfined  compression 

12 

Triaxial  compression 

21 

Direct  shear 

18 

Compaction 
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CBR 

3 

Chemical  analysis 

8 

ENGINEERING 


NUMBER  OF  BORINGS 

NOMINAL  DEPTH 
FEET  (METERS) 

4 

300  (91) 

9 

75-100  (23-30) 

2 

30  (9) 

NUMBER  OF  TRENCHES 

NOMINAL  OEPTH 
FEET (METERS) 

8 

18  (5) 

SCOPE  OF  ACTIVITIES  . 
RALSTON  VALLEY,  NEVADA 
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must  recognize  that  there  may  be  additional  revisions  regarding 
the  suitability  of  areas  as  the  studies  continue.  Naps  showing 
interpretations  of  depth  to  rock,  depth  to  water,  and  terrain 
conditions  are  included  in  Section  3.0. 

a.  Depth  to  rock:  For  Verification  studies,  50-  and  150- 
foot  (15-  to  46-m)  depth  to  rock  contours  are  based  on  geologic, 
geophysical,  and  Luring  data.  In  Ralston  Valley,  the  borings 
and  geophysical  lines  are  generally  several  miles  from  outcrops. 
Therefore  the  locations  of  the  contours  are  based  primarily  on 
geologic  interpretation.  The  interpretation  considers  the 
presence  or  absence  of  range-bounding  faults,  bedding  plane 
attitudes,  topographic  slopes,  evidence  of  erosional  features 
such  as  pediments,  and  the  presence  or  absence  of  young  volcanic 
rocks. 

b.  Depth  to  water:  The  depth  to  water  map  is  a  literature 
based  evaluation  using  existing  wells.  Ground  water  at  a  depth 
of  less  than  150  feet  is  encountered  only  in  a  local  area 
northwest  of  Thunder  Mountain.  Consequently,  the  depth  to  water 
appears  to  have  no  major  influence  on  the  final  suitable  area 
calculated  for  Ralston  Valley. 

c.  Terrain:  During  Screening  Studies,  areas  were  excluded 
because  of  unsuitable  terrain.  The  major  exclusion  criterion 
was  a  maximum  permissible  grade  of  ten  percent.  In  many  of  the 
areas  studied,  detailed  topographic  maps  have  not  been  made,  and 
the  available  maps  do  not  show  topographic  conditions  with 
sufficient  detail  to  make  an  accurate  evaluation  of  terrain 
suitability. 


f* 


GUO  national,  ino 


I 


FN-TR-27-RV-I 


8 


The  best  available  topographic  maps  of  Ralston  Valley  are  at  a 
scale  of  1:62,500.  In  addition  to  these  maps,  1:60,000  scale 
black  and  white  aerial  photographs,  and  field  observations  were 
used  as  the  basis  for  interpreting  terrain  conditions. 

1.4.2  Determination  of  Basin-Fill  Characteristics 
The  primary  objective  of  Characterization  studies  was  to  provide 
preliminary  physical  and  engineering  properties  of  the  basin- 
fill  materials.  These  data  will  be  used  for  preliminary  engi¬ 
neering  design  studies,  will  assist  in  planning  future  site- 
specific  studies,  and  will  be  used  by  other  MX  participants. 

The  investigations  of  engineering  properties  were  designed  pri¬ 
marily  to  obtain  information  needed  for  construction  activities. 
For  Verification  studies  particular  emphasis  has  been  placed  on 
the  surficial  soil  conditions  as  related  to  road  construction,  a 
major  cost  item.  However,  during  Characterization,  only  limited 
data  were  acquired  on  surficial  soil  characteristics  since  a 
hardened  trench  was  the  prime  basing  mode  at  that  time.  Major 
emphasis  was  placed  on  soil  conditions  in  the  upper  20  feet 
(6  m)  since  this  would  be  the  approximate  depth  of  excavation 
for  the  trench  (as  well  as  the  horizontal  shelter  basing  mode). 
Limited  data  were  obtained  from  borings  drilled  to  a  depth  of 
160  feet  (49. m)  (and  beyond),  which  is  the  depth  of  interest  for 
the  vertical  shelter  basing  mode.  The  length  of  the  seismic 
refraction  lines  was  also  chosen  to  obtain  information  to 
150-foot  (46-m)  depth  or  beyond. 
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The  geologic  map  showing  the  distribution  of  surficial  soils  is 
based  on  the  interpretation  of  aerial  photos,  field  mapping,  and 
information  from  trenches. 


Data  obtained  from  trenches,  borings,  seismic  refraction  lines, 
and  laboratory  tests  were  used  to  estimate  soil  properties  to  a 
a  depth  of  20  feet  (6  m) .  The  data  are  limited  to  that  obtained 
from  eight  trenches  and  15  borings.  There  may  be  soil  condi¬ 
tions  that  were  not  encountered  by  these  23  data  points.  Thus, 
the  range  of  properties  presented  in  the  report  is  subject  to 
revision. 


The  soil  parameters  between  a  depth  of  20  and  160  feet  (6  and 
49  m)  are  based  on  data  obtained  from  only  15  borings.  The 
spacing  between  borings  ranged  from  3  to  6  miles  (5  to  10  km)  . 
Thus  the  data  presented  may  not  be  representative  of  the  entire 
valley. 
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2.0  RESULTS  AND  CONCLUSIONS 

2.1  SUITABLE  AREA 

The  results  of  the  suitable  area  interpretation  are  shown  in 
Drawing  2-1  and  listed  in  Table  2-1.  The  excluded  areas  are 
based  on  depth  to  rock  and  water,  and  terrain  conditions  (Appen¬ 
dix  A2.0).  The  area  interpreted  to  be  suitable  for  the  horizon¬ 
tal  basing  mode  is  225  square  miles  (583  km2).  Suitable  area 
is  reduced  to  195  square  miles  (505  km2)  for  the  vertical 
shelter  basing  mode. 

The  total  area  of  materials  in  Ralston  Valley, 
excluding  rock  ou ten <?-'?'?:.<  is  approximately  290  square  miles 
(751  km2).  Geotechnical  constraints  (terrain,  depth  to  rock 
and/or  water)  exclude  23  percent  of  this  area  for  the  horizontal 
shelter  basing  mode.  The  exclusion  is  increased  to  33  percent 
for  the  vertical  shelter  basing  mode. 

2.2  BASIN-FILL  CHARACTERISTICS 

This  section  contains  brief  descriptions  of  the  soils  in  the 
valley.  More  detailed  information  is  presented  in  Sections  3.3 
and  3.4. 

2.2.1  Surficial  Soils 

Coarse-grained  soils  are  the  predominant  surficial  soils,  cover¬ 
ing  approximately  90  to  95  percent  of  the  area.  They  range  from 
gravels  with  little  fines  to  sands  with  appreciable  amounts  of 
gravel  and/or  fines.  The  fine-grained  soils  are  generally 
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non-plastic  silts  and  clays.  They  are  mainly  confined  to  an 
active  playa  in  the  southern  portion  of  the  valley. 

2.2.2  Subsurface  Soils 

Subsurface  soils  in  the  valley  are  predominantly  coarse-grained, 
consisting  of  sandy  gravels,  gravelly  sands,  silty  sands,  and 
clayey  sands.  Fine-grained  soils  (sandy  silts  and  sandy  clays) 
probably  occur  in  about  five  to  ten  percent  of  the  subsurface 
and  are  generally  associated  with  buried  playa  and  lacustrine 
deposits  at  the  southern  end  of  the  valley.  Variation  in  areal 
extent  of  playas  in  the  geologic  past  has  resulted  in  local 
interf inger ing  of  coarse  and  fine-grained  deposits  in  the  sub¬ 
surface  near  playa  margins. 

The  coarse-grained  soils  are  generally  medium  dense  to  dense 
below  2  to  5  feet  (0.6  to  1.5  m) ,  are  poorly  graded  with  coarse 
to  fine  sand  and/or  gravel,  exhibit  low  compressibilities,  and 
possess  moderate  to  high  shear  strengths.  The  fine-grained 
soils  exhibit  low  plasticity,  low  to  moderate  compressibilities, 
and  low  to  high  shear  strengths.  Variable  calcium  carbonate 
cementation  exists  in  the  subsurface  soils. 

2.3  CONSTRUCTION  CONSIDERATIONS 

Geotechnical  factors  and  conditions  pertaining  to  construction 
of  the  MX  system  in  suitable  areas  are  discussed  in  this  sec¬ 
tion.  Both  the  horizontal  shelter  and  vertical  shelter  basing 
modes  are  considered. 
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2.3.1  Grading 

Mean  surficial  slopes  in  the  suitable  area  are  approximately  one 
to  two  percent  (range  of  zero  to  six  percent).  About  two  per¬ 
cent  of  the  suitable  area  has  surface  gradients  exceeding  five 
percent.  Therefore,  preconstruction  grading  will  be  minimal  for 
most  of  the  valley. 


2.3.2  Roads 

The  predominant  coarse-grained  surficial  soils  will  generally 
provide  good  subgrade  support  for  roads  where  they  are  in  a 
dense  state.  However,  most  of  these  soils  do  not  appear  to  be 
dense  near  the  surface.  The  subgrade  supporting  properties  of 
the  granular  surficial  soils  can  be  improved  by  mechanical  com¬ 
paction.  The  vertical  extent  of  low  strength  surficial  soils 
is  not  known.  Drainage  incision  depths  are  generally  less  than 
6  feet  (1.8  m)  in  approximately  95  percent  of  the  area.  In  the 
remainder  of  the  valley,  the  depth  of  drainage  incision  ranges 
from  6  to  20  feet  (1.8  to  6.1  m)  .  Therefore,  the  overall  cost 
of  drainage  structures  for  roads  will  be  low. 


2.3.3  Excavatability  and  Stability 

The  soils  in  the  construction  zone  are  generally  medium  dense  to 
very  dense  and  possess  variable  calcium  carbonate  cementation. 
Fine-grained  soils  occur  in  less  than  ten  percent  of  the  subsur¬ 
face. 


Horizontal  Shelter:  Excavation  for  the  horizontal  shelter  can 
be  done  with  conventional  equipment  such  as  scrapers,  backhoes, 
and  dozers.  Excavation  will  be  easy  in  approximately  70  to  80 
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percent  of  the  area;,  however,  excavation  will  be  moderately 
difficult  in  the  remaining  area  due  to  presence  of  cobbles, 
boulders,  and  strong  calcium  carbonate  cementation  in  the 
subsurface.  Difficult  excavation  generally  will  be  limited  to 
the  areas  adjacent  to  the  mountain  fronts.  Results  of  the  soils 
engineering  investigation  indicate  that  excavations  for  con¬ 
struction  of  shelters  should  be  cut  back  to  slopes  ranging  from 
3/4:1  to  1  1/2:1  (horizontal  :ver.tical)  for  stability.  The  wide 
variation  in  slope  angle  is  due  to  variation  in  density  and 
shear  strength  which  depend  on  soil  composition  and  degree  of 
cementation. 

Vertical  Shelter:  Compressional  wave  velocities  in  the  upper 
120  feet  (36  m)  indicate  that  large  diameter  auger  drills  could 
be  used  for  vertical  shelter  excavation.  Most  excavation  will 
be  in  granular  soils  with  only  intermittent  cemented  or  cohesive 
soil  intervals.  Therefore,  the  vertical  walls  of  these  excava¬ 
tions  probably  will  require  the  use  of  slurry  or  other  stabili¬ 
zing  techniques. 
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3.0  GEOTECHNICAL  SUMMARY 

3.1  GEOGRAPHIC  SETTING 

Ralston  Valley  is  in  western  Nye  County,  Nevada  (Figure  3-1). 
The  valley  is  bounded  on  the  west  by  the  San  Antonio  Mountains 
and  on  the  east  by  the  Monitor  Range  and  the  Monitor  Hills.  The 
area  investigated  is  bounded  on  the  north  by  an  extension  of 
Ralston  Valley  and  on  the  south  by  the  Nellis  Air  Force  Base 
Bombing  and  Gunnery  Range.  The  northern  boundary  of  the  Ralston 
Valley  study  lies  along  a  township  division  line  about  3  miles 
north  of  Thunder  Mountain.  U.S.  Highway  6  and  State  Highway  8A 
provide  paved  highway  access  through  the  valley,  while  graded 
roads  and  four-wheel  drive  trails  provide  access  within  the 
valley.  The  nearest  town  is  Tonopah,  Nevada,  less  than  10  miles 
(16  km)  to  the  west  on  U.S.  Highway  6. 

3.2  GEOLOGIC  SETTING 
3.2.1  Rock  Types 

Tertiary  volcanic  rocks  are  the  dominant  rock  type  exposed  in 
the  mountains  surrounding  Ralston  Valley  (Stewart  and  Carlson, 
1978;  Cornwall,  1972).  Of  these  rocks,  welded  and  nonwelded 
ash-flow  tuff  predominates,  especially  on  the  eastern  side  of 
the  valley.  Andesite  and  basalt  flows  form  extensive  outcrops 
on  the  western  side  of  the  valley.  Small  granitic  intrusions  of 
Cretaceous  and  early  Tertiary  age  occur  in  the  southwest.  Small 
scattered  outcrops  of  Paleozoic  limestone,  shale,  and  sandstone 
are  found  in  the  south  on  both  sides  of  the  valley,  and  probably 
underlie  the  Tertiary  volcanic  rocks. 
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3.2.2  Structures 

The  Ralston  Valley  area  lies  east  of  a  zone  of  disrupted  struc¬ 
ture  which  separates  the  Sierra  Nevada  Batholith  from  the  Basin 
and  Range  province  (Bonham  and  Garside,  1979).  This  zone  rough¬ 
ly  corresponds  to  a  prominent  zone  of  topographic  disruptions 
called  the  Walker  Lane  (Locke  and  others,  1979).  Walker  Lane 
typically  contains  major  strike  slip  faults  although  Ekren  and 
others  (1976)  and  Bonham  and  Garside  (1979)  state  there  is 
little  indication  of  large  scale  Tertiary  aged  faulting  of  this 
type  in  the  Ralston  Valley  area. 

Generally,  Ralston  Valley  exhibits  typical  Basin  and  Range 
structure.  It  is  bounded  by  the  north-trending  San  Antonio 
Mountains  on  the  west,  and  by  the  Monitor  Range  and  Monitor 
Hills  on  the  east.  The  dominant  fault  direction  trends  to  the 
north,  with  lesser  faulting  oriented  to  the  northwest  and 
east-northeast  (Stewart  and  Carlson,  1974)  .  The  area  of  most 
pronounced  faulting  is  in  the  San  Antonio  Mountains  where 
predominantly  normal  faults  offset  rocks  of  early  and  middle 
Tertiary  age  (Stewart  and  Carlson,  1974).  Gravity  data  indicate 
that  Ralston  Valley  may  be  bounded  on  the  east  by  a  normal 
fault.  No  bedrock  occurs  at  the  surface  to  the  west  of  this 
proposed  fault,  and  a  pediment  is  inferred  east  of  it  (Fugro 
National,  Inc.,  1978,  FN-TR-26E) .  The  valley  basin  is  inter¬ 
preted  as  a  collapsed  caldera  overlain  by  younger  volcanic  rocks 
and  basin-fill  deposits  (Fugro  National,  Inc.,  1978,  FN-TR-26E) . 
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3.2.3  Surficial  Geologic  Units 

Alluvial  fans  of  younger  and  intermediate  relative  ages  are  the 
predominant  surficial  geologic  units  within  Ralston  Valley 
(Drawing  3-2).  Soil  types  range  from  sandy  gravel  near  the 
mountain  fronts  to  silty  sand  near  the  center  of  the  valley. 
Mixed  playa  and  younger  alluvial  deposits  occupy  the  central 
portion  of  the  valley.  Major  surficial  geologic  units  mapped 
consist  of  the  following: 


o  Older  Alluvial  Fan  Deposits  (A5o)  -  This  Pleistocene  unit 

is  the  least  extensive  alluvial  unit  in  the  valley.  It 
occurs  adjacent  to  mountain  flanks  on  the  western  side  of 
the  valley  and  consists  of  silty  sand  with  gravel.  The 
unit  is  in  part  underlain  by  shallow  rock.  Cementation  is 
weak;  caliche  development  varies  from  Stage  II  to  Stage 
III.  Areal  extent  is  on  the  order  of  one  percent  of  the 
valley. 

o  Intermediate  Alluvial  Fan  Deposits  (A5i)  -  This  Pleistocene 
unit  is  a  more  widespread  alluvial  unit  discontinuously 
occurring  in  a  fairly  narrow  band  along  the  base  of  the 
mountain  ranges  on  the  western  and  northeastern  sides  of 
the  valley.  The  portion  of  this  fan  type  that  abuts  the 
flanks  of  the  ranges  is  irregularly  underlain  by  shallow 
volcanic  rock.  The  unit  generally  occurs  as  a  weak  to 
moderately  cemented  gravelly  sand  or  silty  sand  with 
caliche  development  varying  from  Stage  II  to  Stage  ill. 
Areal  extent  is  about  15  to  20  percent  of  the  valley. 

o  Younger  Alluvial  Fan  Deposits  (A5y)  -  Holocene  younger 
alluvium  is  the  most  widespread  alluvial  unit  in  the 
valley.  it  occurs  in  the  valley  bottom  adjacent  to  inter¬ 
mediate  alluvial  fans  but  does  not  completely  occupy  the 
central  portion  of  the  valley.  The  composition  of  this  fan 
type  varies  from  gravelly  sand  with  silt  to  silty  or  clayey 
sand  with  gravel.  Cementation  varies  from  none  to  weak; 
caliche  development  varies  from  none  to  Stage  II.  Areal 
extent  is  about  25  to  30  percent  of  the  valley. 

o  Fluvial  Deposits  (Al)  -  Holocene  fluvial  deposits  occur 
primarily  along  the  topographic  axis  of  the  valley  (located 
along  the  western  side  of  the  valley) .  Composition  varies 
from  sandy  silt  to  silty  sand.  Areal  extent  is  less  than 
five  percent  of  the  valley. 
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o  Eolian  Deposits  (A3d,  A3s)  -  Holocene  wind-blown  deposits 
occur  primarily  on  the  southern  and  southeastern  sides  of 
the  valley.  Minor  deposits  of  dune  sands  occur  in  the 
northern  part  of  the  valley.  The  unit  consists  mainly  of 
sand  with  very  minor  percentages  of  '  :avel  and/or  silt  and 
clay.  Cementation  is  nonexistent;  caliche  development 
is  apparent.  Areal  extent  is  less  than  ten  percent  of  the 
valley. 

o  Lacustrine  Deposits  (A4,  A4o)  -  This  unit  designation 
includes  Holocene  playa  deposits  and  Quaternary-Tertiary 
older  playa  and  lacustrine  deposits.  The  youngest  playa 
deposits  (active  playa)  occur  in  the  southwestern  part  of 
the  valley.  The  older  lacustrine  deposits  occur  as  narrow 
linear  bar  deposits  in  the  southern  part  of  the  valley. 
Playa  deposits  vary  from  sandy  silt  to  clay.  Lacustrine 
deposits  are  silty  sand.  Areal  extent  of  these  units  is 
less  than  five  percent  of  the  valley. 


As  depicted  on  Drawing  3-2,  various  combinations  of  the  above 
surficial  basin-fill  deposits  exist  in  the  center  of  the  valley. 
The  most  widespread  combination  is  of  playa  and  younger  alluvial 
fan  deposits  (the  unit  marked  A5y/A4f) .  Other  less  abundant 
mixed  units  also  exist  (e.g.  A3d/A5y,  A3s/A5y,  etc.).  The  total 
areal  extent  of  all  such  mixed  units  is  approximately  30  to  40 
percent  of  the  valley. 
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3.3  SURFACE  SOILS 

The  geotechnical  engineering  program  in  Ralston  Valley  consisted 
of  only  borings  and  trenches.  Therefore,  information  pertaining 
to  surficial  soils  is  very  limited. 

The  surficial  soils  are  predominantly  coarse-grained  covering 
approximately  90  to  95  percent  of  the  area.  They  consist  of 
gravelly,  silty,  and/or  clayey  sands  and  sandy  gravels.  The 
fine-grained  soils  consist  of  non-plastic  to  slightly  plastic 
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silts  and  clays.  The  surficial  soils  have  variable  calcium 
carbonate  cementation. 


3.4  SUBSURFACE  SOILS 

Subsurface  soils  are  predominantly  coarse-grained  (granular) 
with  only  a  limited  extent  of  fine-grained  soils  present  in  the 
southern  extremities  of  the  valley  near  Mud  Lake.  The  coarse 
grained  soils  include  sandy  gravels,  gravelly  sands,  silty 
sands,  and  clayey  sands.  Subsurface  fine-grained  soils  are 
associated  with  the  active  playa  at  the  southern  end  of  the 
valley  where  borings  encountered  alternating  layers  of  sand  and 
silt  or  clay.  Some  interf inger ing  of  alluvial  deposits  and 
playa  deposits  is  apparent  just  north  of  the  active  playa  where 
borings  also  encountered  alternating  layers  of  sand  and  silt 
or  clay.  Fine-grained  soils  are  estimated  to  compose  five  to 
ten  percent  of  the  subsurface  deposits.  The  composition  of  sub¬ 
surface  soil  with  depth,  as  determined  from  borings  is  illus¬ 
trated  in  the  soil  profiles  presented  in  Figure  3-2  and  3-3. 


The  characteristics  of  subsurface  soils,  determined  from  field 
and  laboratory  tests,  are  presented  in  Table  3-1  and  the  ranges 
of  gradation  of  the  subsurface  soils  are  shown  in  Figure  3-4. 


Coarse-grained  subsurface  soils  are  poorly  to  well  graded,  con¬ 
tain  coarse  to  fine  sands  and  gravels,  and  are  medium  dense  to 
dense  below  2  to  5  feet  (0.6  to  1.5  m) .  Several  of  the  coarse¬ 
grained  soils  contain  appreciable  fines  and  are  classified  as 
clayey  sands  or  clayey  gravels.  Caliche  development  (cementa¬ 
tion)  ranges  from  none  to  moderate  with  thin  lenses  at  shallow 
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NOTES: 


•  Characteristics  of  soils  between  2  and  20  feet  (0.6  and  6  0  meters)  are 
based  on  results  of  tests  on  samples  from  15  borings,  and  8  trenches,  and 
results  of  15  seismic  refraction  surveys. 

•Characteristics  of  soils  below  20  feet  (6  0  meters)  are  based  on  results 
of  tests  on  samples  from  13  borings  and  results  of  15  seismic  refraction 
surveys. 
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Fine-grained  soils 


Sandy  Silts  and  Sandy  Clays 
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depths.  These  soils  exhibit  low  compressibilities  and  moderate 
to  high  shear  strength.  Fine-grained  soils  (sandy  silts  and 
sandy  clays)  range  in  consistency  from  soft  to  hard  and  ex¬ 
hibit  low  to  moderate  compressibilities  and  low  to  high  shear 
strengths.  Soil  plasticity  ranges  from  none  to  slight.  Calcium 
carbonate  cementation  varies  from  weak  to  moderate.  Results  of 
shallow  seismic  surveys  are  summarized  in  Table  3-2  and  Table 
3-3  contains  the  velocity  profiles  from  the  deep  seismic  sur¬ 
veys. 

The  soils  in  the  construction  zone  (120  feet;  37  m)  have  a  wide 
range  of  seismic  compressional  wave  velocities  (940  to  5650  fps; 
287  to  1724  mps) ,  depending  on  their  composition,  consistency, 
cementation,  and  moisture  content. 

Seismic  shear  wave  velocities  (Table  3-4)  were  measured  at  three 
locations.  In  the  upper  20  feet  (6  m)  they  ranged  from  540  fps 
(165  mps)  to  1600  fps  (488  mps) .  From  20  feet  (6  m)  to  140  feet 
(43  m)  depth  they  ranged  from  1600  fps  (488  mps)  to  3000  fps 
(914  mps) . 

Results  of  chemical  tests  indicate  that  potential  for  sulfate 
attack  of  soils  on  concrete  will  range  from  "negligible"  to 
"considerable. ” 

3.5  DEPTH  TO  ROCK 

Drawing  3-3  shows  the  approximate  configuration  of  50-  and 
150-foot  (15-  and  46m)  depth  to  rock  contours  in  Ralston  Valley. 
This  interpretation  is  based  on  limited  point  data  from  borings. 
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seismic  refraction  surveys,  site-specific  published  data,  and 
depths  inferred  from  geologic  and  geomorphic  relationships.  Ap¬ 
proximately  21  percent  of  the  basin-fill  material  in  the  valley 
is  interpreted  to  be  underlain  by  rock  at  depths  of  less  than 
50  feet.  An  additional  nine  percent  of  the  valley  is  interpret¬ 
ed  to  contain  shallow  rock  between  depths  of  50  and  150  feet. 

The  depth  to  rock  interpretation  represents  subsurface  projec¬ 
tions  of  surface  rock,  tempered  by  data  from  two  of  the  borings 
and  seismic  lines.  For  this  reason,  contours  generally  parallel 
exposed  rock  in  the  valley. 

Several  areas,  along  the  periphery  of  the  valley  are  interpreted 
to  be  underlain  by  shallow  rock  (Drawings  3-2  and  3-3)  .  These 
areas  are  generally  small  and  probably  represent  remnants  of 
volcanic  flows.  Geographically,  they  are  all  adjacent  to 
volcanic  rock  outcrops. 

3.6  DEPTH  TO  WATER 

Drawing  3-4  shows  the  locations  of  all  data  points  used  to 
define  ground-water  conditions  in  Ralston  Valley.  The  sources 
of  these  data  are:  Eakin,  1962;  USGS,  1980;  Robinson  and 
others,  1967;  and  Nevada  State  Engineers  Office,  1974.  Nine 
wells  drilled  in  basin  fill  materials  indicate  that  ground 
water  exists  at  a  depth  generally  greater  than  200  feet  through¬ 
out  the  center  of  the  valley.  The  only  observed  shallow  water 
is  in  the  northern  end  of  the  valley  just  west  of  Thunder 
Mountain  where  a  well  field  has  been  developed  for  use  by  the 
town  of  Tono^ah. 
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The  presence  of  shallow  water  near  Thunder  Mountain  has  been 
explained  as  being  the  result  of  bedrock  topography  constricting 
or  impounding  the  flow  of  ground  water  through  the  valley  fill 
(Eakin,  i962).  Water  level  profiles  (Eakin,  1962),  indicate 
that  a  fairly  major  change  in  ground-water  level  occurs  north  of 
well  W6  (Drawing  3-4).  Ground  water  at  well  W6  is  480  feet 
(146  m)  deep,  while  at  Thunder  Mountain  it  is  less  than  50  feet 
(15  m)  .  This  difference  in  depth  is  interpreted  to  indicate  a 
ground-water  barrier  between  Thunder  Mountain  and  well  W6. 
Ekren  and  others  (1976)  propose  that  the  Warm  Springs  topo¬ 
graphic/structural  lineament  crosses  the  San  Antonio  Mountains 
about  4  miles  (7  km)  north  of  Tonopah  and  passes  south  of 
Thunder  Mountain.  This  lineament,  if  present,  may  be  the 
postulated  subsurface  ground-water  barrier. 

3.7  TERRAIN 

Terrain  conditions  in  Ralston  Valley  are  depicted  in  Drawing 
3-5.  Terrain  categories  I  through  V  correspond  to  alluvial  fan 
or  mixed  alluvial  fan  and  lacustrine  deposits  with  varying 
amounts  of  stream  incision.  There  were  no  areas  interpreted  as 
category  VI  terrain  (highly  variable) .  Where  incision  depths 
are  extreme  and  where  topographic  slope  exceeds  ten  percent,  the 
terrain  is  considered  unsuitable  and  has  been  excluded  (category 
VII).  Small  areas  with  extreme  incision  occur  on  the  western 
side  of  the  valley  near  Mud  Lake  in  the  south,  and  near  Thunder 
Mountain  in  the  north.  Other  small  areas  with  topographic 
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slopes  exceeding  ten  percent  occur  along  the  mountain  flanks  and 
in  many  small  canyon  reentrants  around  the  valley. 

Ralston  Valley  is  a  topographically  closed  basin  with  a  central¬ 
ly  located  major  drainage  system  that  flows  south  towards  Mud 
Lake.  This  drainage  becomes  poorly  defined  north  of  Mud  Lake 
and  carries  surface  run-off  to  the  lake  only  during  very  wet 
seasons.  Relief  within  the  valley  is  on  the  order  of  2000  feet 
(610  m)  .  The  lowest  point  in  the  valley  is  at  Mud  Lake  (5200 
ft.,  1585  m) ;  the  highest  (7185  ft.;  2190  m)  is  Mt.  Butler,  near 
Tonopah. 

Intermediate  alluvial  fans  near  mountain  fronts  (terrain  cate¬ 
gories  II  through  V)  generally  have  stream  incisions  from  2  to 
12  feet  deep  (0.6  to  3.7  m)  with  variable  spacing.  Surface 
slopes  generally  are  less  that  four  percent  and  average  two  to 
three  percent  in  these  areas. 

Young  alluvial  fans  (generally  terrain  category  I)  have  inci¬ 
sions  ranging  from  0.3  to  1.0  foot  (0.1  to  0.3  m) ,  with  an  aver¬ 
age  of  approximately  0.7  feet  (0.2  m) .  Surface  slopes  vary  from 
one  to  five  percent,  with  the  average  near  two  to  three  percent. 

Playa  and  alluvial/playa  deposits  have  relief  from  0  to  1  foot 
(0  to  0.3  m) .  Surface  slopes  average  approximately  one  percent. 
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A1.0  GLOSSARY  OF  TERMS 


ACTIVE  FAULT  -  A  fault  which  has  had  surface  displacement  within 
Holocene  time  (about  the  last  11,000  years). 

ACTIVITY  NUMBER  -  A  designation  composed  of  the  valley  abbrevi¬ 
ation  followed  by  the  activity  type  and  a  unique  number; 
may  also  be  used  to  designate  a  particular  location  in  a 
valley. 

ALLUVIAL  FAN  DEPOSITS  -  Alluvium  deposited  by  a  stream  or  other 
body  of  running  water  as  a  sorted  or  semisorted  sediment 
in  the  form  of  a  cone  or  fan  at  the  base  of  a  mountain 
slope . 

ALLUVIUM  -  A  general  term  for  unconsolidated  clay,  silt,  sand, 
gravel,  and  boulders  deposited  during  relatively  recent 
geologic  time  by  a  stream  or  other  body  of  running  water 
as  a  sorted  or  semisorted  sediment  in  the  bed  of  a  stream 
or  on  its  flood  plain  or  delta,  or  as  a  cone  or  fan  at 
the  base  of  a  mountain  slope. 

ANOMALY  -  1)  A  deviation  from  uniformity  in  physical  properties; 
especially  a  deviation  from  uniformity  in  physical  proper¬ 
ties  of  exploration  interest.  2)  A  portion  of  a  geophysi¬ 
cal  survey  which  is  different  in  appearance  from  the  survey 
in  general . 

AQUIFER  -  A  permeable  saturated  zone  below  the  earth's  surface 
capable  of  conducting  and  yielding  water  as  to  a  well. 

ARRIVAL  -  An  event;  the  appearance  of  seismic  energy  on  a  seis¬ 
mic  record;  a  lineup  of  coherent  energy  signifying  the 
arrival  of  a  new  wave  train. 

ATTERBERG  LIMITS  -  A  general  term  applied  to  the  various  tests 
used  to  determine  the  various  states  of  consistency  of 
fine-grained  soils.  The  four  states  of  consistency  are 
solid,  semisolid,  plastic,  and  liquid. 

Liquid  limit  (LL)  -  The  water  content  corresponding  to  the 
arbitrary  limit  between  the  liquid  and  plastic  states  of 
consistency  of  a  soil  ( ASTM  D423-66) . 

Plastic  limit  (PL)  -  The  water  content  corresponding  to 
an  arbitrary  limit  between  the  plastic  and  the  semisolid 
states  of  consistency  of  a  soil  (ASTM  D424-59) . 

Plasticity  index  (PI)  -  Numerical  difference  between  the 
liquid  limit  and  the  plastic  limit  indicating  the  range  of 
moisture  content  through  which  a  soil-water  mixture  is 
plastic. 
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BASIN-FILL  MATERIAL/BASIN-FILL  DEPOSITS  -  Heterogenous  detrital 
material  deposited  in  a  sedimentary  basin. 

BASE  LEVEL  -  The  theoretical  limit  or  lowest  level  toward  which 
erosion  constantly  progresses;  the  level  at  which  neither 
erosion  or  deposition  takes  place. 

BEDROCK  -  A  general  term  for  the  rock,  usually  solid,  that 
underlies  soil  or  other  unconsolidated,  surficial  material. 

BORING  -  A  method  of  subsurface  exploration  whereby  an  open  hole 
is  formed  in  the  ground  through  which  soil-sampling  or 
rock-drilling  may  be  conducted. 

BOUGUER  ANOMALY  -  The  residual  value  obtained  after  latitude, 
elevation,  and  terrain  corrections  have  been  applied  to 
gravity  data. 

BOULDER  -  A  rock  fragment,  usually  rounded  by  weathering  and 
abrasion  with  an  average  diameter  of  12  inches  (305  mm)  or 
more. 

BULK  SAMPLE  -  A  disturbed  soil  sample  (bag  sample)  obtained 
from  cuttings  broi-ght  to  the  ground  surface  by  a  drill  rig 
auger  or  obtained  from  the  walls  of  a  trench  excavation. 

c  -  Cohesion  (Shear  strength  of  a  soil  not  related  to  interpar¬ 
ticle  friction)  . 

CALCAREOUS  -  Containing  calcium  carbonate;  presence  of  calcium 
carbonate  is  commonly  identified  on  the  basis  of  reaction 
with  dilute  hydrochloric  acid. 

CALICHE  -  Gravel,  sand,  or  other  material  cemented  principally 
by  calcium  carbonate. 

CALIFORNIA  BEARING  RATIO  (CBR)  -  Is  the  ratio  (in  percent)  of 
the  resistance  to  penetration  developed  by  a  subgrade 
soil  to  that  developed  by  a  specimen  of  standard  crushed 
rock  base  material  ( ASTM  D1883-73) .  During  the  CBR  test, 
the  load  is  applied  on  the  circular  penetration  piston 
(3  inches^  base  area;  19  cm2)  which  is  penetrated  into 
the  the  soil  sample  at  a  constant  penetration  rate  of  0.05 
inch/  minute  (1.2  mm/min) .  The  bearing  ratio  reported 
for  the  soil  is  normally  the  one  at  0.1  inch  (2.5  mm) 
penetration. 

CLAY  -  Fine-grained  soil  (passes  No.  200  sieve;  0.074  mm)  that 
can  be  made  to  exhibit  plasticity  within  a  range  of  water 
contents  and  that  exhibits  considerable  strength  when  air 
dry. 

CLAY  SIZE  -  That  portion  of  the  soil  finer  than  0.002  mm. 
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CLOSED  BASIN  -  A  catchment  area  draining  to  some  depression  or 
lake  within  its  area,  from  which  water  escapes  only  by 
evaporation. 

COARSE-GRAINED  (or  granular)  -  A  term  which  applies  to  a  soil 
of  which  more  than  one-half  of  the  soil  particles,  by 
weight,  are  larger  than  0.074  mm  in  diameter  (No.  200 
U.S.  sieve  size) . 

COARSER-GRAINED  -  A  term  applied  to  alluvial  fan  deposits  which 
are  predominantly  composed  of  material  (cobble)  larger 
than  3  inches  (76  mm)  in  diameter. 

COBBLE  -  A  rock  fragment,  usually  rounded  or  subrounded  with  an 
average  diameter  between  3  and  12  inches  (76  and  305  mm) . 

COMPACTION  TEST  -  A  type  of  test  to  determine  the  relationship 
between  the  moisture  content  and  density  of  a  soil  sample 
which  is  prepared  in  compacted  layers  at  various  water 
contents  (ASTM  D1557-70) . 

COMPRESSIBILITY-Property  of  a  soil  pertaining  to  its  suscepti¬ 
bility  to  decrease  in  volume  when  subjected  to  load. 

COMPRESSIONAL  WAVE  -An  elastic  body  wave  in  which  particle 
motion  is  in  the  direction  of  propagation;  the  type  of 
seismic  wave  assumed  in  conventional  seismic  exploration. 
Also  called  p-wave,  dilatational  wave,  and  longitudinal 
wave. 

CONDUCTIVITY  -  The  ability  of  a  material  to  conduct  electrical 
current.  In  isotropic  material,  conductivity  is  the 
reciprocal  of  resistivity.  Units  are  mhos  per  meter. 

CONE  PENETROMETER  TEST  -  A  method  of  evaluating  the  in-situ 
engineering  properties  of  soil  by  measuring  the  penetra¬ 
tion  resistance  developed  during  the  steady  slow  penetra¬ 
tion  of  a  cone  (60°  apex  angle,  10-cm2  projected  area) 
into  soil. 

Cone  resistance  or  end  bearing  resistance,  qc  -  The  resis¬ 
tance  to  penetration  developed  by  the  cone,  equal  to  the 
vertical  force  applied  to  the  cone  divided  by  its  horizon¬ 
tally  projected  area. 

Friction  resistance,  fs  -  The  resistance  to  penetraton 
developed  by  the  friction  sleeve,  equal  to  the  verti¬ 
cal  force  applied  to  the  sleeve  divided  by  its  surface 
area.  This  resistance  consists  of  the  sum  of  friction  and 
adhesion. 

Friction  ratio,  f^  -  The  ratio  of  friction  resistance 
to  cone  resistance,  fs/<Jc»  expressed  in  percent. 
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CONSISTENCY  -  The  relative  ease  with  which  a  soil  can  ba 
da for wad. 

CONSOLIDATION  TEST  -  A  typa  of  taat  to  deteraine  tha  coapress- 
ibllity  of  a  soil  saapla.  Tha  saapla  Is  anclosad  In 
tha  consol idoaatar  which  is  than  placad  in  tha  loading 
davica.  Tha  load  is  appliad  in  incraaants  at  cartain 
tiaa  intarvals  and  tha  change  in  thickness  is  racordad. 

CORE  SAMPLE  -  A  cylindrical  saapla  obtainad  with  a  rotating 
cora  barral  with  a  cutting  bit  at  its  lowar  and.  Cora 
saaplas  ara  obtainad  froa  induratad  daposits  and  in  rock. 

DEGREE  or  SATURATION  -  Ratio  of  voluaa  of  watar  in  soil  to 
total  voluaa  of  voids. 

DETECTOR  -  Saa  GEOPHONE. 

DIRECT  SHEAR  TEST  -  A  typa  of  tast  to  aaasura  tha  shaar  strangth 
of  a  soil  saapla  whara  tha  saapla  is  forcad  to  fail  on  a 
pradatarainad  plana. 

DISSECTION/DISSECTED  (alluvial  fans)  -  Tha  cutting  of  straaa 
channels  into  tha  surface  of  an  alluvial  fan  by  tha  aove- 
aant  (or  flow)  of  watar. 

DRY  UNIT  WEIGHT/DRY  DENSITY  -  Weight  par  unit  voluaa  of  tha 
solid  particles  in  a  soil  aass. 

ELECTRICAL  CONDUCTIVITY  -  Ability  of  a  notarial  to  conduct 
electrical  currant. 

ELECTRICAL  RESISTIVITY  -  Property  of  a  aatarial  which  resists 
flow  of  electrical  currant. 

EOLIAN  -  A  tara  appliad  to  aatarials  which  ara  deposited  by 
wind. 

EPHEMERAL  (straaa)  -  A  straaa  in  which  watar  flow  is  discontinu¬ 
ous  and  of  short  duration. 

EXTERNAL  DRAINAGE  -  Straaa  drainage  systea  whose  downgradient 
flow  is  unrestricted  by  any  topographic  iapadiaants. 

EXTRUSIVE  (rock)  -  Igneous  rock  that  has  bean  ejected  onto  tha 
earth's  surface  (e.g.*  lava*  basalt*  rhyolite*  andesite* 
datrital  aatarial*  volcanic  tuff*  puaice) . 

FAULT  -  A  plana  or  tone  of  rock  fracture  along  which  there 
has  bean  displacaaant . 

FAULT  BLOCK  MOUNTAINS  -  Mountains  that  ara  foraad  by  noraal 
faulting  in  which  tha  surface  crust  is  divided  into  struc¬ 
tural*  partially  to  entirely  fault-bounded  blocks  of  dif¬ 
ferent  elevations. 


FINE-GRAINED  -  A  ttri  which  Applies  to  s  soil  of  which  wore 
than  one- half  of  the  soil  particles,  by  weight,  are  smaller 
than  0.074  am  in  diameter  (passing  the  No.  200  U.S.  else 
sieve) . 

FINER-GRAINED  -  A  tors  applied  to  alluvial  fan  deposits*  which 
are  composed  predominantly  of  material  less  then  )  inches 
(76  mm) . 

FLUVIAL  DEPOSITS  -  Material  produced  by  river  ectiom  generally 
loose*  Moderately  well-graded  sands  and  gravel. 

FORMATION  -  A  mappable  assemblage  of  rocks  characterised  by 
some  degree  of  homogeneity  or  distinctiveness. 

FUGRO  DRIVE  SAMPLE  -  A  2.50-inch- (6.4-cm)  disaster  soil  ssaple 
obtained  froa  a  drill  hole  with  a  Fugro  drive  soapier.  The 
Fugro  drive  sampler  is  a  ring-lined  barrel  soapier  contain¬ 
ing  12  ona-lnch-(2.S4-ca)  long  brass  ssaple  rings.  The 
sampler  Is  advanced  Into  the  soil  using  a  drop  hammer. 

GEOMORPBOLOGT  -  The  study,  classification,  description,  nature, 
origin,  and  development  of  present  lendforas  and  their 
relationships  to  underlying  structures,  and  of  the  history 
of  geologic  changes  as  recorded  by  these  surface  features. 

GEOPRONE  -  The  instrument  used  to  transform  seismic  energy 
into  electrical  voltegej  a  seismometer,  lug,  or  pics up. 

CRAP EM  -  An  elongated  crustal  block  that  has  been  down thrown 
along  faults  relative  to  the  rocks  on  either  side. 

GRA2M-S12E  ANALYSIS  (GRADATION)  -  A  type  of  test  to  determine 
the  distribution  of  soil  particle  sites  In  s  given  soli 
sample.  The  distribution  of  particle  sites  larger  than 
0.074  am  (retained  on  the  No.  200  sieve)  is  determined  by 
sieving,  while  the  distribution  of  particle  sites  smaller 
than  0.074  am  Is  determined  by  a  sedimentation  process, 
using  a  hydrometer. 

GRANULAR  -  See  Coarse-Grained. 

GRAVEL  -  Particles  of  rock  that  pass  a  2-in.  (76.2  mm)  sieve 
and  are  retained  on  a  No.  4  (4. 75  am  sieve). 

GRAVITY  -  The  force  of  attraction  between  bodies  because  of 
their  maos.  usually  measured  as  the  acceleration  of 
gravity. 

GYPSIFEROUS  -  Containing  gypsum,  a  mineral  consisting  mostly  of 
sulfate  of  calcium. 
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BOAST  -  An  tUngitid  crustal  block  (hot  hoi  boon  oplUtod  oloop 
(oulto  roUtlvo  to  the  rocks  on  either  side. 

IMTCBIOB  0BAIMA6I  -  stress  droloop#  system  tbot  (lows  into  0 
closed  topoqrsphlc  low  (bssin). 

IWTBUSIVS  (rock)  -  A  rock  formed  by  tho  process  of  omp locos on t 
of  M9M  (liquid  rock)  1a  prooslstloq  rock*  (e.q.*  q  res¬ 
its,  qrsnodlorite*  quorts  non ton its). 

LACUSTBlBt  Of POSITS  -  Motor  Isle  deposited  to  s  lsko  one ( con¬ 
sent. 

tABAMIOt  OBOCtMT  -  A  (loo  of  deforest  Ion  ettemdlnq  frosi  loto 
Crotocoous  (About  100  mIIUoa  yours  oqo)  to  tbo  rod  of  the 
Psleoceee  (About  00  util loo  yoors  oqo)  ublcb  a coo anted  for 
•oeb  present  Ooslo  end  As oqo  structure. 

List  -  A  1  incur  orroy  of  obeeroAtlon  points*  suck  os  a  sol  sole 
lino. 

LI0OIO  LIMIT  -  See  ATTtMStSC  LIMITS. 

LOW  STB SHOT B  SOBFtCtAL  SOIL  -  Sell  ublcb  will  perform  poorly  os 
a  rood  subqrAdo*  At  its  present  consistency,  uben  used 
dlrctly  bones tn  a  rood  section. 

no I STUB t  courier  -  tbe  retie*  espressed  as  a  percentAqe*  of 
tbo  uelqbt  of  outer  cents I nod  In  a  soil  ssnple  to  tbe 
ouendry  uelqbt  of  tbe  ssnple. 

BtOTtCTOMICS  *  Tbe  study  of  tbe  recent  structursl  bl story  of 
tbe  north's  crust*  usuully  durlnq  tbe  lute  tertiary  end 
tbe  Ousternury  periods. 

e  VALOt  -  Penetrstlon  res 1st once*  described  os  tbe  nusber  of 
blows  required  to  dr lee  tbe  steeds rd  split-spoon  soapier 
for  tbe  second  end  third  S  inches  (0.1)  m  ultb  a  140- 
pound  (t).*-hq)  bowser  felllnq  )•  Inches  (0.70  o)  (Atm 
01)00-07). 

OPTIMUM  MO I STUB t  COBTCBT  -  Moisture  content  st  ublcb  o  soil 
cun  be  compacted  to  a  seal  nun  dry  unit  uelqbt  by  s  qleen 
conpoctlee  effort. 

P-NAet  -  tee  Cunpressionol  usee. 

PAT ISA  -  A  dors  coot i nq  or  tbln  outer  loyer  produced  on  tbe 
surfoce  of  o  rock  or  other  meter  lot  by  soother  inq  After 
lonq  etposure  (e.q.*  desert  eomlsb). 

PAetMtirr/bBStBT  PATtntwT  -  Mhos  loose  nsterlsl  contslnlnq 
pebble- sited  or  lurqer  rocks  is  ospesed  to  rslnfsll  end 
wind  Action*  tbe  finer  dust  end  send  ore  blown  or  sashed 
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i«My  ead  tte  pebbles  yredoetly  KctMlitt  •«  tbs 
to  rainy  •  MUie  which  protects  tho  under ly lay  floor 
aster  lot  Iron  triad  tttoch.  Peveaeat  caa  also  develop 
la  f laer-y raised  aaterials.  la  this  case*  tho  eroorod 
surface  is  famed  by  dissoiotioa  aad  coo  oat  at  lea  of  tho 
yrelae  iavolved. 

PfmtAilf  «  the  ability  of  1 1 90 id  to  pass  threwyb  soli  aad/or 
rocs  aaterla). 

pi  -  hi  fades  of  tho  acidity  or  alhaliaity  of  a  sell  ia  toms 
of  the  layer Iths  of  the  reciprocal  of  the  bydreyea  lea 
conceal ret ton. 

mi  IP)  «  Aayle  of  latcraal  frlctioa. 

PltlOMThlC  StthPACt  -  Ah  laeyiaery  sot  face  represeat  lay  the 
static  head  of  yrooad  water  aad  defiaed  by  the  level  to 
which  water  will  rise  ia  a  well. 

PtTChth  TUI  IMPU  -  Aa  aad  l  at  orbed,  dleaeter 

sell  saapte  obteiaed  tree  a  drill  hole  with  a  Pitcher  tube 
saapler.  the  prhsery  coapeaeats  of  this  saapler  are  aa 
ewter  ret at  lap  here  barrel  with  a  bit  aad  aa  laser  stat lea- 
ary.  spr lap- leaded,  this- we It  saapliay  tube  which  leads  or 
trails  the  ewter  barrel  drillley  hit.  depeadlay  epee  the 
berdaeee  ef  the  aster lal  belay  peaetrated. 

PtAJTtC  Ltait  -  toe  A  mm  t  so  tie  its . 

PtAfttcttt  tact*  -  tee  AfttmthC  uatrt. 

PtAtA/PtAtA  OCPObttS  -  A  tern  weed  la  the  seethwest  «.«.  far 
a  dried-op.  flat-fleered  area  coo posed  of  this,  evenly 
stratified  sheets  ef  cley.  silt,  er  flee  seed,  ead  rep¬ 
resent  lay  the  lowest  pert  ef  e  shallow,  ceap lately  cieeed 
er  wndtetaed.  deeett  lose  hosts  la  which  water  eceoaotetes 
ead  is  ywlesly  evspsrsted.  oseelly  lesvley  deposits  ef 
salable  salts. 

PMtlT  CHAMP  *  A  dosetlptieo  tom  applied  to  e  <vsree~ytei*ed 
soil  It  It  coaslsts  ptodoeiaoatly  of  oao  portlet#  eite 
foalfomly  yrododi  or  hoe  o  vide  rosy#  of  elseo  with  ooao 
latomodleto  sites  eboiewsly  a  loo  I  ay  lyep-yrededl . 

SAaci-soeaoth  papit  -  sswoiiy  e  aomsi  feoit  la  which  owe  side 
has  sowed  op  relative  te  the  ether  ead  which  separates  the 
eooatela  treat  frea  the  volley. 

MlATtri  ACt  *  the  reletleashlp  la  eye  feldeet  te  yewayeety 
hetoeea  yeoleyle  oalte  wlthewt  specific  reyerd  te  mtn 
ef  years. 
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CI9I9TIV1TV  tTr««.  iitriMiei  -  tk«  property  of  o  eater let 
•AUfc  rooioto  too  flow  of  electric  correct.  The  retie  of 
electric-f laid  iateoeity  to  correct  deaelty. 

MC9  unite  -  Diet  tact  fact  eeeee*  wltd  41  f  (erect  cOerecter  ietiee 
le.p..  Ipeeeec.  ootecorpeic*  oedleeoteryl . 

WTM»  MAfa  04  ILL  l  oo  -  o  be  nap  tecbelpee  ia  we  ice  cdocco—ot 
ef  tee  dele  tdrewpd  oeerbwrdee  ie  eccecpl ieded  ey  retetioc 
ef  e  decoy  etriap  ef  rede  odile  cectlcoooe  deocoerd  pree- 
core  ie  cciatciccd  tdrewpd  tde  rede  ee  e  dit  et  tde  dot  toe 
ef  tde  dele.  Meter  or  drilllap  cod  ie  forced  dew*  tde  rede 
te  tde  dit.  cad  tde  ret  ore  flew  dr  tape  tde  cot  t  tape  te  tde 
eor face. 

9-Mdvt  -  dee  fdeor  tarn. 

9Md  -  fell  pee* lap  tdrewpd  do.  4  U.H  eel  eieoe  oed  retciced 
oo  »e.  Jdd  (Mil  oiel  eieoe. 

994©  Odd  -  *  lew  ndpe  er  dill  eeceieticp  ef  leeee  eoed  depee- 
tted  dy  tde  wied.  feecd  ie  oerieee  deeert  ecd  ceeetel 
repieae  cad  peecrelly  wdcre  tdere  ie  edwedeet  eorfcce 


9CI9MIC  «  dcolap  te  de  wild  elect le  odoee.  Iderpy  woy  do  trace* 
eltted  tdreoed  id#  dedy  et  ee  elect i«  col id  cc  d-weoe* 
Iceepreceiecet  oeoect  et  9-wevec  t  rawer  weoecl. 

9f  tidtc  Lldf  «  a  I  lower  etrey  et  tteoel  tide  edcereetiec  poictc 
tpwepeecwci.  to  tdic  ctwdy.  weed  lice  eecteicc  M  peepdece 
ye*. t loco. 

tCtfctC  dtfdACTIOd  OAtdf  deep/ coot  too  *  Dote  dot  loci  free  o  type 
ot  celaeftc  edeetlop  doted  ee  tde  ocoowt  oeect  et  eel  celt 
eaerpy  cc  c  facet  lea  et  tide  after  tde  «det  ecd  ef  dicteec* 
free  tde  Met,  dy  detemiclop  tde  ettleel  tldee  ef  eelceir 
oeoee  odlcd  deoe  treacled  ceerly  pereltel  te  id#  dcddicp  lo 
btpb-eetecity  leyere,  le  order  te  ocp  tde  deptd  te  owed 
leyerc. 


tllMGdA*  «  A  celtdic  record. 


©MAP  yydgtpffd  *  tde  OdtlM  reel  et  core  ef  e  cell  te  edeerlep 
itecpeetleii  et recede. 

tdddd  edat  *  a  dedy  ocae  le  edit*  tde  particle  eetlee  le  per* 
feed  I  cater  te  tde  direct  lac  of  propepotlec.  Alee  eel  I  *4 
9*twae  or  tftbtetdt  tew. 

Milt  lUd  *  A  proceed  lo  edicd  otoredotce  eater  epreede 
idle*  cedtlcweae  tram  /aaweti  eaer  e  lerpe  area. 
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Ml  M«#  4«m  (tf». 
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A4.0  GEOPHYSICAL  PROCEDURES 


A4.t  SEISMIC  HgntACTIOK  SUBVEYS 
M.l.I  IMUUMBK 

field  explorations  ¥*r#  p*rfor«*d  with  *  24-channel  S I E  Model 
•S--44  Miciic  refraction  system  which  consisted  of  24  amplifiers 
with  e  dry-write,  galvanometer-type  recording  oscillo- 
jre ph.  Seismic  energy  wes  detected  by  Mark  products  Model  L-10 
geepnene*  with  natural  frequency  of  4.S  Ht.  Geophones  were 
fitted  with  short  spikes  to  provide  good  coupling  with  the 
ground.  Cehles  with  two  teseoot  intervels  were  used  to  transmit 
the  detected  seismic  signs)  from  the  geophones  to  the  ampli¬ 
fiers.  Time  of  shot  was  transmitted  from  shotpoint  to  recording 
system  via  an  fm  radio  link. 

the  degree  of  gain  was  set  on  the  amplifiers  by  the  instrument 
operators  and  was  limited  by  the  background  noise  at  the  time 
of  the  shot.  The  amplifiers  are  capable  of  maximum  gain  of 
4. 1  million.  The  oscillograph  placed  timing  lines  on  the  seis¬ 
mograms  at  0.01 -second  intervals.  The  timing  lines  form  the 
oasis  for  measuring  the  time  required  for  the  energy  to  travel 
from  the  shot  to  each  geophone . 

M .  I . i  f laid  Procedure# 

•Shat lew*  seismic  refraction  lines  consisted  of  a  tingle  spread 
•f  24  geo phones  with  2*  foot  botwoon  geophonos.  Plvo  shots  were 
made  into  each  spread.  Shot  points  were  located  300  feat  and 
lfi>  foot  from  ooth  ends  of  tne  •  pread  and  at  the  cantor  of  the 
spread.  The  recording  system  wes  located  et  the  center  of  the 
spread. 

•Deep*  seismic  refraction  lines  consisted  of  two  or  more  spreads 
of  24  geophones  each.  The  Interval  between  geophones  was  200 
feet.  where  spreads  Joined,  they  were  overlapped  by  one  geo¬ 
phone  interval.  In  addition  to  shots  et  the  end  of  each  spread, 
shot*  were  made  et  from  one  to  three  offset  locations.  Tha 
effect  distances  ranged  from  1200  to  22,000  feet.  Each  time  a 
shot  wms  detonated .  recordings  were  made  along  two  adjoining 
spreads  with  two  24-trace  recording  systems. 

The  eeploslee  used  was  a  nltro-carbo-nttrate  slurry  msrkstad  by 
htias  powder  company  under  the  registered  trade  name  *Aquaflo". 
Charge  sires  ranged  from  as  small  as  one  pound  on  the  "shsllow" 
seismic  tines  to  as  large  as  2000  pounds  for  the  longest  offset 
shots  an  the  *deep*  seismic  lines.  The  charges  wsre  detonated 
using  seismograph  grade  electric  blasting  caps. 

hetetive  elevations  of  geophones  end  shotpoints  within  a  line 
were  measured  with  e  transit  or  level. 
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H  deduction 

•hw  «**»•!  times  for  coapressional  waves  from  the  shots  to  the 
xmawaa wo  were  obtained  from  the  seismograms  by  visual  inspec- 
These  times  woro  plotted  at  their  respective  horizontal 
and  boat  fit  lines  were  drawn  through  the  points  to 
efpmrem t  velocities  for  materials  below  the  seismic  line. 

V  <■«♦** t*4«»en  of  delay  time  and  ray  tracing  methods  was  used  in 
*  *»ie#***e#  prog  ram  to  obtain  depth  to  refracting  horizons  from 

-*•  *  m**"*  I  stance  information. 

n*  t  gmwWIOU  it  I  SMC  VELOCITY  SURVEYS 
va  t  v  inptf amenta 

seismic  velocity  recordings  were  made  using  a  SIE  Model 
am  ♦<*  mept If ler  system  and  Model  R6A  oscillographic  recorder, 
m*  4*o«em  If  capable  of  recording  up  to  24  channels  of  data  on 
»  i-*#*  [  (l,)*ca)  wide  photo-sensitive,  direct  write  recording 

foil  width  timing  lines  are  impressed  on  the  record  at 
-w*  okivieeeomd  Intervals. 

e»*<4wet f  Ntdel  L-10-3D-SWC  downhole  geophone  assembly  was 
*i»  Select  the  seismic  wave  arrivals  in  the  boring.  The 
»««emaiv  eeoteins  three  mutually  perpendicular  geophones  with 
♦»*. fregwency  of  4.5  Hz.  It  is  equipped  with  a  leaf  spring 
eh w*n  aetntelas  contact  with  the  boring  (casing)  wall. 

<**•  »e«N»#<S  format  Included  six  signal  traces  and  a  "time  break" 
the  amplified  output  of  each  of  the  three  geophones  was 
*nm*e*w«4  at  two  different  gain  settings.  The  time  break  trace 
»«*<»***#  (ho  Instant  an  electrical  circuit  was  completed  as  the 
me***  woe  generated.  The  "switch”  in  the  circuit  was  formed  by 
between  a  sledge  hammer  and  a  metallic  surface  which  was 
et roe*. 

**  %.  1  field  procedures 

'H’wnhvte  seismic  travel  times  were  obtained  by  mechanically 
t*e  energy  at  the  surface  and  recording  the  arrival  of 
<-**  #*et<ey  in  a  nearby  boring.  The  horizontal  separation 
the  boring  and  the  point  of  energy  generation  was  ap- 
tfvWMeirtr  )f  feet  (6  a) .  The  boring  was  cased  with  3-inch 
*  .e-*m>  diameter  PVC  pipe.  The  casing  was  grouted  into  the 


beein  the  downhole  observations,  the  geophone  assembly  was 
eiWo*  at  a  depth  of  10  feet  (3  m)  .  Then  seismograms  (records) 
ebr*  attained,  tnergy  for  the  first  record  was  generated  by  a 
•tedme  hammer  blow  downward  on  a  metal  plate  lying  flat  on  the 
This  blow  generated  a  relatively  strong  congressional 


-jucmo 
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Energy  for  the  second  record  was  generated  by  a  horizontal 
sledge  hammer  blow  on  a  vertical  metal  end  plate  at  one  end  of  a 
wooden  beam  lying  flat  on  the  ground.  The  beam  was  oriented 
perpendicular  to  a  line  extending  from  its  center  to  the  boring. 

It  was  coupled  to  the  ground  by  having  the  wheels  of  a  vehicle 
parked  on  it.  A  horizontal  blow  of  this  type  produces  shear 
wave  energy,  and  relatively  small  compressional  wave  energy. 

Energy  for  the  third  record  was  generated  by  striking  a  hori¬ 
zontal  blow  against  the  metal  end  plate  at  the  other  end  of  the 
wooden  beam  in  order  to  produce  shear  waves  with  oscillatory 
polarity  opposite  to  that  generated  for  the  second  record. 

After  these  three  records  were  obtained,  the  geophone  assembly 
was  lowered  ten  feet  (3  m)  into  the  hole  and  three  more  records 
were  obtained  in  the  above  pattern.  This  procedure  was  repeated 
until  the  bottom  of  the  boring  was  reached. 

A4.2.3  Data  Reduction 


The  records  were  analyzed  to  determine  the  travel  time  between 
the  impact  and  the  arrival  of  the  seismic  waves  at  the  geophone 
assembly.  The  compressional  waves  usually  appear  as  a  rather 
obvious  excursion  of  the  traces  from  their  rest  position.  Ex¬ 
cept  when  the  geophones  are  at  shallow  depths,  this  arrival  is 
normally  observed  most  readily  on  the  traces  representing  the 
vertical  geophone.  The  records  obtained  from  the  vertical  ham¬ 
mer  blows  are  the  primary  source  of  compressional  wave  travel 
time  data. 

The  arrival  of  the  shear  wave  usually  occurs  while  the  traces 
are  still  oscillating  in  the  "wake"  of  the  earlier  arriving  com¬ 
pressional  wave.  The  shear  wave  typically  causes  an  increase  in 
amplitude  on  the  trace  and  a  lengthening  of  the  recorded  period, 
but  the  instant  it  arrives  may  be  partially  obscured  by  the 
compressional  wave  "noise".  Since  the  shear  wave  is  a  polarized 
wave,  the  traces  from  the  horizontal  geophones  on  two  records 
made  with  oppositely  polarized  energy  (blows  on  opposite  ends  of 
the  beam)  are  compared  to  note  the  point  of  phase  reversal  in 
order  to  assist  the  shear  wave  identification. 

The  wave  travel  times  are  reduced  according  to  the  ratio  of  the 
depth  of  the  geophone  in  the  boring  and  slant  distance  between 
the  impact  point  and  geophone.  These  reduced  times  are  plotted 
on  a  graph  of  travel  time  versus  depth.  The  velocity  profile 
is  interpreted  by  fitting  straight  line  segments  through  the 
points.  The  velocity  in  a  particular  zone  is  indicated  by  the 
inverse  slope  of  the  line  segment  through  that  zone  (slope 
defined  as  A  time/  Adepth) . 
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A5.0  ENGINEERING  PROCEDURES 


Soil  engineering  activities  consisted  of  the  following: 


1.  Field  activities: 

2.  Office  activities: 


o  Borings 
o  Trenches 
o  Laboratory  Tests 

o  Data  Analyses  and  Interpretations 


The  procedures  used  in  the  various  activities  are  described  in 
the  following  sections. 


A5.1  BORINGS 


A5.1.1  Drilling  Techniques 

The  borings  were  drilled  at  designated  locations  using  either 
the  Becker  Percussion  method  or  rotary  techniques.  Specifics  of 
these  two  drilling  methods  are  discussed  in  the  following 
paragraphs. 

a.  Becker  Percussion  Method:  With  the  Becker  Method,  a  double 
wall  drive  pipe  was  driven  by  a  diesel  powered  pile  hammer, 
while  air  was  forced  down  the  annulus  of  the  drive  pipe.  The 
air  continuously  lifted  the  material  cut  by  the  drive  bit  to  the 
surface  through  the  center  of  the  double  wall  pipe.  When 
refusal  to  driving  was  encountered,  a  hydraulic  rotary  attach¬ 
ment  swung  into  position  and  conventional  rotary  methods  were 
used  to  advance  the  boring  with  the  drive  pipe  serving  as  the 
overburden  casing.  Borings  drilled  by  the  truck-mounted  Becker 
Percussion  rig  were  nominally  5  1/2  inches  (140  mm)  in  diameter, 
and  ranged  in  depth  from  25  to  100  feet  (8  to  30  m) . 

b.  Rotary  Method:  The  borings  drilled  by  rotary  techniques 
used  a  truck-mounted  Failing  1500  drill  rig  with  hydraulic 
pulldown.  These  borings  were  nominally  4  7/8  inches  (124  mm)  in 
diameter.  A  bentonite-water  slurry  or  compressed  air  was  used 
to  return  soil  cuttings  to  the  surface.  A  tricone  drill  bit  was 
used  for  coarse-grained  soils  and  a  drag  bit  for  drilling  in 
fine-grained  soils.  Depths  drilled  ranged  from  100  to  450  feet 
(30  to  137  m) . 

A5 . 1 . 2  Method  of  Sampling 

A5. 1.2.1  Sampling  Intervals 

Soil  samples  were  obtained  at  the  following  nominal  depths  as 
listed  for  each  drilling  method  as  well  as  at  depths  of  change 
in  soil  type. 
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a .  Becker  Percussion  Method : 

O'  to  20'  (0.0  to  6.1  m)  -  Bulk  or  Drive  -  samples  at  5' 

intervals 

20'  to  100'  (6.1  to  30.5  m)  -  Bulk  -  samples  at  10' 

intervals 

b.  Rotary  Method » 


O' 

to 

30' 

(  0.0 

to 

9.1 

m)  -  Split  Spoon  or  Pitcher  - 
samples  at  5'  intervals 

30’ 

to 

100' 

(  9.1 

to 

30.5 

m)  -  Split  Spoon  or  Pitcher  - 
samples  at  10'  intervals 

100’ 

to 

300' 

(30.5 

to 

91.4 

m)  -  Pitcher  or  drive  -  samples 
at  25'  intervals 

300' 

to 

450' 

(91.4 

to 

137.2 

m)  -  Pitcher  -  samples  at  50' 
intervals 

A5.1.2.2  Sampling  Techniques 

a.  Fugro  Drive  Samples:  Fugro  drive  samplers  were  used  to 
obtain  relatively  undisturbed  soil  samples.  The  Fugro  drive 
sampler  is  a  ring-lined  barrel  sampler  with  an  outside  diameter 
of  3.0  inches  (76.2  mm)  and  inside  diameter  of  2.50  inches 
(63.5  mm).  It  contains  12  individual  1-inch-  (25.4-mm)  long 
rings  and  is  attached  to  a  12-inch-  (30-cm)  long  waste  barrel. 
The  sampler  was  advanced  using  a  downhole  hammer  weighing 
400  pounds  (181  kg)  with  a  drop  of  15  inches  (38.1  cm). 

The  number  of  blows  required  to  advance  the  sampler  for  a 
6-inch  (15-cm)  interval  were  recorded.  Samples  obtained  were 
retained  in  the  rings,  placed  in  plastic  bags  with  manually 
twisted  top  ends  and  sealed  in  plastic  sample  containers.  Each 
sample  was  identified  with  a  label  Indicating  job  number, 
boring  number,  sample  number,  depth  range.  Unified  Soil  Classi¬ 
fication  Symbol  (USCS),  and  date.  Ring  samples  were  placed  in 
foam-lined  steel  boxes. 

b.  Pitcher  Samples;  The  Pitcher  sampler  was  used  to  obtain 
undisturbed  soil  samples.  The  primary  components  of  this 
sampler  are  an  outer  rotating  core  barrel  with  a  bit  and  an 
inner,  stationary,  spring-loaded,  thin-wall  sampling  tube  which 
leads  or  trails  the  outer  barrel  drilling  bit,  depending  on 
the  hardness  of  the  material  penetrated.  The  average  inside 
diameter  of  the  sampling  tubes  used  was  2.87  inches  (73  mm). 
Before  placing  the  Pitcher  tube  in  the  outer  barrel,  the  tube 
was  inspected  for  sharpness  and  protrusions. 

The  Pitcher  sampler  was  then  lowered  to  the  bottom  of  the  boring 
and  the  thin-walled  sampling  tube  advanced  into  the  soil  ahead 
of  the  rotating  cutting  bit  by  the  weight  of  the  drill  rods  and 
hydraulic  pulldown.  The  thin-walled  sampling  tube  was  retracted 
into  the  core  barrel  and  the  sampler  was  brought  to  the  surface. 
After  removal  of  the  sampling  tube  from  the  core  barrel,  the 
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length  of  the  recovered  soil  staple  wee  aeesured  end  recorded. 
Before  preparing  and  sealing  the  tube*  the  drilling  fluid  in  the 
Pitcher  tube  was  reaoved.  Cap  plugs  were  taped  in  place  on  the 
top  and  bottoa  of  the  Pitcher  tube  and  sealed  with  was.  When 
Pitcher  staples  could  not  be  retrieved  without  disturbance*  they 
vert  clearly  aarked  as  "disturbed."  Bach  sealed  Pitcher  tube 
was  labeled  as  esplained  under  "Pugro  Drive  Staples"  and  then 
placed  vertically  in  foaa-llned  wooden  boses. 

c.  Bulk  Staplesi  Bulk  staples  were  obtained  froa  Becker 
Percussion  drilling  aethod  by  circulating  the  aaterlal  dis¬ 
charged  at  the  surface  through  a  cyclone  to  reduce  discharge 
velocity.  The  aaterial  was  then  stapled*  placed  in  plastic  bags 
and  labeled  as  explained  previously. 

Bulk  staples  froa  rotary  drilling  were  obtained  by  screening  the 
returning  drilling  fluid  to  obtain  wash  staples  or  collecting 
soil  cuttings  returned  by  coapressed  air.  Recovered  staples 
were  placed  in  plastic  bags  and  labeled  as  previously  esplained. 

d.  Split-Spoon  Staples:  Split-spoon  staplers  were  used  to 
obtain  disturbed*  but  representative  soil  staples.  1t»e  split- 
spoon  saapler  consists  of  a  barrel  shoe*  a  split  barrel  or 
tube*  a  solid  sleeve*  and  a  saapler  head.  The  inside  diaaeter 
of  the  saapler  shoe  is  1.375  inches  (35  aa)  and  the  length  is 
about  18  inches  (45.7  ca)  .  Stapling  with  the  split  barrel 
saapler  is  accoaplished  by  driving  the  saapler  into  the  ground 
with  a  140-pound  (63.6-kg)  haaaer  dropped  30  Inches  (76  ca) . 
The  nuaber  of  blows  required  to  drive  the  saapler  a  distance  of 
12  inches  (30.4  ca)  was  recorded  as  the  Standard  Penetration 
Resistance  (N  value).  The  disturbed  staples  obtained  froa  the 
split-spoon  saapler  were  placed  in  plastic  bags  and  labeled  as 
explained  previously. 

A5 . 1 . 3  Logging 

All  soils  were  classified  in  the  field  by  the  procedures  out¬ 
lined  in  Section  A5.3*  "Field  Visual  Soil  Classification*"  of 
this  Appendix.  Rock  encountered  in  the  borings  was  described 
according  to  classifications  given  in  Travis  (1955)  and  Folk 
(1974).  The  following  general  inforaation  was  entered  on 
the  boring  logs  at  the  tiae  of  drilling;  boring  nuaber;  proj¬ 
ect  naae*  nuaber*  and  location;  naae  of  drilling  coapany  and 
driller;  naae  of  logger  and  date  logged;  and  aethod  of  drill¬ 
ing  and  saapling*  drill  bit  type  and  site*  driving  weight 
and  average  drop  as  applicable.  As  drilling  progressed*  the 
soil  saaples  recovered  were  visually  classified  as  outlined 
in  Section  A5.3*  "Field  visual  Soil  Classification*"  and  the 
description  was  entered  on  the  logs.  Section  A5.3  also  dis¬ 
cusses  other  pertinent  data  and  observations  aade*  which  were 
entered  on  the  boring  logs*  during  drilling. 
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SwpUs  Mtrt  handled  with  cere.  drivt  ipoon  u*pl«  eoatiiMri 
b«t»4  pUe«d  in  foae-1  load  ittf)  bom«  while  PitelMf  Mipiti 
mrt  trtntporttd  in  foam- lined  Moodtn  boita.  Nrticalar  e#»# 
mm  MtrciMd  by  drivers  while  traversing  rough  terrain  ee  ee 
not  to  cause  eny  disturbance  to  the  undisturbed  samples. 
Whenever  ambient  eir  temperatures  fell  below  J2°f.  ell  samples 
were  stored  in  bested  rooms  dor  in?  the  field  work  end  trans¬ 
ported  to  Pugro  national's  Lon?  teach  laboratory  in  heated 
cabins  in  beck  of  pickup  trucks. 

7  mtncwKi 

AS. 2. I  Excavation  Equipment 

the  trenches  were  excavated  us in?  a  robber  tire-mounted  Case  790 
beckboe  with  a  maximum  depth  capability  of  19  feet  li.S  mi. 

AS. 2. 2  method  of  Ixcavatlon 

Unless  cav in?  occurred  dur in?  the  process  of  excavation,  the 
trench  width  was  nominally  2  to  )  feet  10.9  to  0.9  ml .  Trench 
depths  were  typically  19  feet  (S.S  ml  and  len?ths  r an? od  fron 
54  to  ?4  feet  (19. S  to  22. S  m| .  the  trench  wells  were  vertical. 
Mowever.  where  surface  materials  were  unstable,  the  trench  trails 
were  sloped  back  to  a  safe  an?le  to  prevent  slou?hin?  dur In?  the 
completion  of  excavation  and  lo??in?.  the  excavated  material 
wee  deposited  on  one  side  at  least  4  feet  (1.2  mi  from  the  ed?e 
of  the  trenches  In  order  to  minimise  stress  loads  at  the  ed?es. 
The  excavations  were  backfilled  with  the  excavated  material  and 
the  9round  surface  was  restored  to  a  condition  as  conformable 
with  the  surround In?  terrain  as  practical. 

AS. 2. 3  Sampling 

the  followin?  sampltn?  procedures  were  ?enerally  followed! 

o  Representative  bulk  soil  samples  (lar?e  or  small!  were 
obtained  In  the  top  2  feet  (0.9  m) .  ff  the  soil  type 
chenqed  In  the  top  2  feet,  bulk  samples  of  both  the  soil 
types  were  obtained,  tn  addition,  bulk  samples  of  all 
soil  types  encountered  at  different  depths  in  the  excava¬ 
tion  were  obtained.  for  each  soil  type  In  the  top  2  to 
3  feet  (0.9  to  0.9  a) ,  two  lar?e  bulk  samples  (wighta? 
about  SO  pounds  each)  11.4  k?)  were  taken,  hulk  samples 
fron  other  depths  were  limited  to  one  be?.  When  soils 
from  two  locations  were  similar,  only  a  small  be?  sample 
weighing  about  2  pounds  (1  k?)  was  taken  from  the  second 
location. 

o  All  large  bulk  samples  were  placed  first  in  plastic  bags 
and  then  In  cloth  bags,  the  small  bulk  samples  were  placed 
In  small  plastic  begs.  All  sample  bags  of  soil  were  tied 
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